ABSTRACT：Niobium pentoxide (Nb 2 O 5 ) nanoparticles were synthesized using niobium (V) chloride and pluronic F108NF as the precursor and templating agent, respectively. The Nb 2 O 5 -graphene nanocomposites were placed in an electric furnace at 700 °C and calcined under Ar atmosphere for 2 h. The morphology, crystallinity, and photocatalytic degradation activity of the samples were characterized by X-ray diffraction, transmission electron microscopy, scanning electron microscopy, and UV-vis spectroscopy. The Nb 2 O 5 -graphene nanocomposites acted as a photocatalyst in the photocatalytic degradation of organic dyes under 254 nm UV light; the organic dyes used were methylene blue (MB), methyl orange (MO), rhodamine B (RhB), and brilliant green (BG). The photocatalytic degradation kinetics for the aforesaid dyes were determined in the presence of the Nb 2 O 5 -graphene nanocomposites. 
Ⅰ. Introduction
Niobium pentoxide (Nb 2 O 5 ) is the most thermodynamically stable among niobium oxides. 1 Nb 2 O 5 nanoparticles act as an n-type transition metal oxide semiconductor with thermodynamic stability, chemical inertness, and low cytotoxicity. 2, 3 Nb 2 O 5 nanoparticles have been used as effective catalysts in reactions regarding of pollution control, selective oxidation, hydrogenation/dehydrogenation, hydration/dehydration, electrochemical reaction, polymerization, and photocatalysis. [4] [5] [6] [7] [8] [9] [10] [11] Despite the increasing interest in their applications in many technological fields, only a few studies have focused on Nb 2 O 5 nanoparticles. 12 Carbon is a wonder element because of its ability to form sp, sp 2 , and sp 3 hybridized orbitals; this characteristic allows carbon to form graphite, diamond, fullerene, and nanotube structures. 13 Graphene is a monolayer of aromatic carbon atoms arranged in a honeycomb shape comprised of sp 2 -hybridized carbon atoms. [14] [15] [16] Graphene has received much attention because of its superior strength, electrical conductivity, and thermal conductivity. 17, 18 These characteristics make graphene a good candidate material for field-effect transistors, solar cells, sensors, supercapacitors, composites, and transparent electrodes. 19 Organic dyes are some of the main contaminants in wastewater, especially from laboratories, leather manufacturers, and 
Ⅱ. EXPERIMENT DETAILS

Chemicals
Niobium (V) chloride, methylene blue (MB), methyl orange (MO), rhodamine B (RhB), and brilliant green (BG) were purchased from Sigma-Aldrich. Acetic acid, hydrochloric acid, tetrahydrofuran (THF) and anhydrous ethanol were obtained from Samchun Chemicals. Pluronic F108NF was acquired from Kumkang Korea Chemical Co., Ltd. Graphene was supplied by ENano Tec.
Instruments
The crystal structures of the Nb 2 O 5 nanoparticles, graphene, and Nb 2 O 5 -graphene nanocomposites were examined by X-ray diffraction (XRD, Bruker, D8 Advance) using Cu Kα (λ =1.5406 Å) radiation. The morphology and particle size of the Nb 2 O 5 nanoparticles, graphene, and Nb 2 O 5 -graphene nanocomposites were examined using transmission electron microscopy (TEM, JEOL Ltd., JEM-2010) at an acceleration voltage of 200 kV. The surface of all Nb 2 O 5 nanoparticles, graphene, and Nb 2 O 5 -graphene nanocomposites was examined by scanning electron microscopy (SEM, JEOL Ltd, JSM-6510) at an acceleration voltage ranging from 0.5 to 30 kV. UV-vis spectra of the samples were obtained using a UV-vis spectrophotometer (Shimazu, UV-1601 PC). The samples were heat-treated in an electric furnace (Ajeon Heating Industry Co., Ltd).
Synthesis
Synthesis of Nb 2 O 5 nanoparticles
1.0 g of pluronic F108NF was dissolved in 5.0 mL of anhydrous ethanol. Then, 2.7016 g of niobium (V) chloride, 0.40 g of acetic acid, and 0.175 mL of hydrochloric acid were added to the above solution under vigorous stirring. The solution sample gelatinized after being stored at 40 °C for 48 h. The obtained gel was calcined at 700 °C in an electric furnace under Ar atmosphere for 2 h, and finally the black powder of Nb 2 O 5 nanoparticles was prepared. dried for 1 h to vaporize the organic solvent. The vessel was calcined at 700 °C in an electric furnace under Ar atmosphere for 2 h. Subsequently, the prepared Nb 2 O 5 -graphene nanocomposites were cooled to room temperature under Ar gas conditions for 5 h.
Preparation of Nb
Evaluation of photocatalytic degradation of organic dyes with Nb 2 O 5 nanoparticles and Nb 2 O 5 -graphene nanocomposites
The prepared Nb 2 O 5 -graphene nanocomposites were used as a photocatalyst for the degradation of organic dyes such as MB, MO, RhB, and BG. 5 mg of the Nb 2 O 5 -graphene nanocomposites was placed separately in a 10 mL vial containing 10 mL of the aqueous organic dye solution. Each vial containing the organic dye solution was irradiated with 254 nm UV light and the degradation data were collected using a UV-vis spectrophotometer.
Photocatalytic degradation kinetics of various organic dyes
The photocatalytic degradation kinetics of MB, MO, RhB, and BG in the presence of the Nb 2 O 5 -graphene nanocomposites were determined by using the first-order reaction equation. The photocatalytic degradation kinetics for the organic dyes were calculated from experimental data using the software package Microsoft Excel (Version 2010) to obtain a linear regression curve. figure 1 (b) ). centration at a certain time in the degradation, C 0 is the initial concentration, k is the apparent first-order rate constant, and t is the reaction time. Table 2 lists the kinetic data of the photocatalytic degradation of MB, MO, RhB, and BG, as determined using the first-order reaction equation. The photocatalytic degradation rate for the organic dyes followed the order MB > RhB > BG > MO.
Ⅲ. RESULTS AND DISCUSSION
(a)
Ⅳ. CONCLUSIONS
The Nb 2 O 5 nanoparticles were triangular, rectangular, and quasi-spherical with diameters ranging from 20 nm to 70 nm. The Nb 2 O 5 nanoparticles in Nb 2 O 5 -graphene nanocomposites were located above the graphene nanoparticles. As a result of heat treatment, the Nb 2 O 5 nanoparticles in the Nb 2 O 5 -graphene nanocomposites had larger surface areas and were smaller than the synthesized Nb 2 O 5 nanoparticles. The average crystallite size of the Nb 2 O 5 nanoparticles was 21.72 nm, as determined using Scherrer's equation. Among the organic dyes tested, MB showed the maximum degradation in the presence of the synthesized Nb 2 O 5 -graphene nanocomposites as a photocatalyst. The reaction rate calculated using first-order kinetics for the photocatalytic degradation of the organic dyes in the presence of the synthesized Nb 2 O 5 -graphene nanocomposites was the highest for MB, followed by RhB, BG, and MO.
